Abstract
Introduction
Nowadays, acupuncturology has been widely recognized by the medical community in the world with its great promotion and flexible application. Especially, the development of acupuncturology has entered the fourth stage since the second half of the twentieth century. The main characteristic of this stage is the internationalization and modernization of acupuncturology [1] . With the further development of the fourth stage, combination of acupuncturology and modern science and technology will be one of the trends of acupuncturology's development. The process of acupuncture practice is a procedure that integrates with senses of touch and vision. In recent years, researchers have conducted some research and practice on virtual acupuncture training simulation system.
On the current development of acupuncture simulation, medical surgical simulation systems are mainly based on the sense of touch [2] [3] [4] . For example, "Virtual Acupuncture Human Based on Chinese Visible Human Dataset" [5] integrated visible human data set, and realized manual acupuncture operations with hardware devices under the control of the computer. It helps develop sense of touch in the process of acupuncture training. While visual effect is of equal importance in the process of acupuncture operations. Vision-based virtual acupuncture simulation systems are rare and they only simulated the subsidence of skin in the process of acupuncture operations [6] [7] [8] [9] [10] . Actually, in virtual acupuncture simulation, we not only evaluate the skin subsidence simulation but also assess skin rotation simulation. Our research is committed to establish skin subsidence model and the skin rotation model with triangular mesh by using mathematical physics modeling and simulate the whole procedure of acupuncture simulation on Netbeans IDE. Other research works on acupuncture simulation focus on the reconstruction of three-dimensional Human body and positioning of human acupuncture points. For example, "A recognition and training system for acupuncture points using ZigBee wireless sensor networks" [11] and "Virtual Reality Based on Chinese Traditional Medical Treatment as Acupuncture Training System" [12] used 3D scanning and reverse engineering technology to establish a three-dimensional human body model and mark the acupuncture point for the purpose of training. All in all, our project builds up a simulation training platform on Netbeans IDE by integrating modules of acupuncture points navigation, acupuncture operation and evaluation to train the acupuncture learners and evaluate their acupuncture operations.
Mathematical physical modeling of acupuncture operation
In order to simulate the whole process of skin rotating deformation realistically, we must find a reasonable model of human skin. In this paper we adopt the mass -spring model [13] [14] [15] which has the fastest speed in static or dynamic deformation simulation among the existing physical deformation models as the human skin model. And then we setup the mathematical physical model for processing of the acupuncture skin deformation simulation.
By optimizing the mesh model, we adopt triangular mesh model based on mass -spring model as the human skin model to simulate the acupuncture training. The who le procedure of acupuncture skin deformation can be divided into three parts: (1)simulation of the skin subsidence when the acupuncture needle sticks into the skin; (2)simulation of the skin rotating deformation when the acupuncture needle rotates; (3)simulation of the skin's recoverying when the acupuncture needle moves upward. The first and third parts are realized by using the skin subsidence model; the second part is realized by using the skin rotation model.
Skin subsidence modeling
By collision detection, we find the control point that is the intersecting point of acupuncture needle and the skin mesh when the acupuncture needle sticks into the skin mesh. In the pressing procedure, it is considered two forces applied to the control point: the internal force and the external force. The internal force includes elastic force and virtual elastic force, denoted by real 
Skin rotation modeling
It is essential to rotate the acupuncture needle in the procedure of acupuncture treatment when it sticks into the skin to achieve the therapeutic effect of acupuncture. The acupuncture needle exerts a downward force on the skin; the skin can regain balance in the vertical direction after some distance's subsidence. When acupuncture needle rotates in one direction, it exerts frictions in tangent direction, denoted by 1 F , Also adjacent points exert tension on each other because when skin deforms it will produce traction, denoted by 2 F . Under the resultant force of 1 F and, 2 F the mass points will move, performing cohesion around the control point from far to near. And then, we calculate the position of mass point during the skin rotation deformation by using Verlet integration. Considering the fact that triangular mesh can better simulate various components of human body, we build the skin model by using triangular mesh and the mechanical analysis of the triangular mesh representing as shown in Figure 2 . 
Where p is the experience coefficient, dis is the displacement between mass points and the control point.
Resultant force F can be described by:
Verlet Integration
Verlet integration method is a numerical integration method to solve the equations of motion [17] , especially is widely used in molecular dynamics simulations. To locate the new position of a mass position ijk P , we apply Taylor's expansion:
Adding both sides, we can derive: 
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Where t  is a chosen time interval.
Experimental results of skin deformation simulation
In the experiments, we set the skin model as a mesh of 25*25 mass points, unit distance of mesh is 0.048cm.
Assume the effects of external pressure and other parameters count, we need to rotate acupuncture needle to achieve the therapeutic effect of acupuncture. In this experient, we simulate this simulation process by using triangular mesh model. We assumed the depth of subsidence is 0.294cm, the rotation angle is respectively 20°,40°,60°and 80°. The experimental results are shown in Figure 3 and the distances between the acupuncture point and each layer are shown in Table 1 . By adopting triangular mesh model to simulate the acupuncture operation process, we marked a red point as the acupuncture point. According to traditional Chinese medical science, effective acupuncture operations are related to acupuncture needle's position and its rotation angle. So we choose these two important factors as the evaluation principles. One evaluation principle is the distance between acupuncture needle's position and the best position, the other evaluation principle is the difference between rotation angle and the best rotation angle. These two factors each accounted for one-half of the total score.
In this experiment, we assume that the standard depth that the acupuncture needle sticks into the skin is 0.17 cm, the best rotation angle is 30°. According to the different between the depth the needle sticks into the skin and the standard depth, the different angle between the rotation angle and the best rotation angle, we can calculate the evaluation score for the acupuncture operations. We did the evaluation experiments for 6 times and every time the prototype system calculated the score and displayed it on the screen. The data of the evaluation experiments and the pictures are shown in Table 2 and Figure4 respectively. Figure 4 . Evaluation experiments Table 2 illustrates that under the same condition of the same Diff_rotate, the bigger the distance is, the higher the score is; under the condition of the same distance, the bigger the Diff_rotate is, the lower the score is. The experimental results show that this evaluation principle can correctly define the acupuncture needle's subsidence depth's and rotation angle's affects on acupuncture operations.
Realization of virtual acupuncture training simulation prototype system
The scene graph rendered by java3D is well structured and ease to interacted with. By importing the OBJ file of the human model, we render the human model in the scene graph. By adding branch node to the scene graph, we can render the acupuncture points on the human body model and realize the acupuncture points navigation and pickup. The actual process of acupuncture operation requires some pickup sequence of the acupuncture points. In the process of acupuncture simulation operations, we must determine the acupuncture points by ourselves. Only when we pickup the acupuncture points correctly, the acupuncture training system will call the acupuncture operation module to simulate the acupuncture operations and the system would evaluate the acupuncture operations.
Building of acupuncture scene graph
In order to render the acupuncture points on 3D human body model imported from an OBJ file, we use the 3D spheres as the acupuncture points and render them on the corresponding parts of the 3D human body through a series of translation and telescopic transformation.
Interface Loader in package Com.sun.j3d.loaders generally indicate the location and element of the file you want to import and this interface provides a public interface for a variety of different file formats. And interface scene provides additional data that is consistent with Loader. The obj file of 3D human body model was imported through the interface provided by Scene. The steps are as follows:
Create class SimpleUniverse and sub-cyclorama as the observer's view point. Create a branch of class BranchGroup and use it to create the virtual scene, including the background. Lights are placed in the instance of class BranchGroup. Use the instance of class TrandformGroup to define the rotation, translation and scaling of the local coordinates. We can also place a number of objects in class TransformGroup. Place different acupuncture points in instance of class Transform3D to move or rotate the acupuncture points. The instance of class TransformGroup creates three acupuncture points and human body instance of class Transform3D. It realizes the translation and rotation of geometric solids and then saves all the transform in the virtual scene. Light settings: We choose ambient illumination and two point lights to illuminate all the features in the scene. With two kinds of light patterns to enhance a sense of realism, we have rendered the 3D human body model with its color close to the real skin color through color mixing.
Pickup of the acupuncture points
Virtual acupuncture simulation system requires users to be able to operate on the acupuncture points and here we pick up acupuncture points via mouse click. In the 3D scene, the user's screen corresponds to a projection plane in 3D space. When the users move the mouse to the object displayed on the screen and click on the object, program would generate a ray from the view point to the point that mouse click on. If there is an object intersecting with the ray, then save the object and return it to the program. As shown in Figure 6 . Considering that the acupuncture operations is of sequence, we determine the correct pickup by the three dimensional coordinates mapped by the mouse's two dimensional coordinates. So the virtual space's coordinates built by Java3D can not be changed. When we interact with the virtual human body model, we adopt wiew transformation to realize the interaction.
We use class OrbitBehavior to change the view angle of class SimpleUniverse's instance（That is to say we only change the observation angle of the observers and do not change the coordinates of the object）. Then through the mouse controlling, we can easily translate, rotate and scale the object in 3D scene. As the 3D scene and the coordinates are fixed, we can get the coordinates of the object easily. The detailed method is as follows:
A．Create an instance of class PickObject. There are plenty of methods to calculate whether the ray intersects with the object or not.
B．Access to the events of mouse click. Then use method pickAll()vto get the object that intersects with the ray from viewpoint to the point that the mouse clicks on and the objects. Then save those objects in array PickResult[].
C．Determine whether the objects in array PickResult are what you wanted to select or not, if it is, then pop-up the acupuncture operation sub-windows, else nothing responses.
Sequence of acupuncture points' pickup operation
In order to ensure that the learner can have acupuncture operations correctly and achieve good effects of acupuncture training, we use the different coordinates to response to on different acupuncture points. When the learner picks up a wrong acupuncture point, the system will not response to his operations on the 3D human body model. It can provide better training for the acupuncture learners and make the prototype system more complete.
The B. Pick up the acupuncture points of 3D human body model via mouse. Based on the mapping relationship from the projection plane to the physical coordinate system, we can get the coordinates of the pickup points.
As the spherical acupuncture points occupy a certain spatial location in 3D coordinate system, the pickup points has some difference with the sphere center. We have set a discrepancy when we pick up a point. If the difference between the pickup point and the acupuncture points is in the allowed range, we regard the pickup point as the acupuncture point.
The 
Experimental results
By using the Java 3D API, we have integrated virtual acupuncture training simulation prototype system, created 3D human body model and rendered acupuncture points on human body model mark. In order to achieve the simulation and interactive effects of the prototype system, we have added the sequential control of acupuncture operations. Acupuncture learners can operate on the acupuncture points and achieve better effects of acupuncture training. System interface is shown as follows in Figure 7 , Figure 8 and Figure 9 . 
Conclusion
By using the feature of hierarchy of Java, we have successfully inte grated the virtual acupuncture training simulation prototype system. We discussed acupuncture skin deformation based on mathematical physicals modeling. Based improved mass -spring model, we put forward an analysis model of skin deformation based on polygon mesh. And we used Verlet integration to update the position of mesh points and displayed them dynamically. Combined with the powerful graphic building capacity of Java3D, we've imported and the 3D human body model and realized acupuncture operations through picking up the acupuncture points and sequential control, and the prototype system generated a score for the acupuncture operations. The experimental results proved that we have simulated the acupuncture training process and make the prototype system better effects for acupuncture training.
